65357 


THERMAL  ANALYSIS  OF  FOLDED 


EDWARD  V.  MC  ASSET,  JR. 
CHRISTINE  M.  EASTBURN 


SMALL  CAUSER 

WEAPON  SYSTEMS  LABORATORY 

DOVER,  NEW  JERSEY 


APPROVED  POP  PU8UC 


REFUSE  p{5T^i6UiTi6N  UNLIHUTEP, 


REPRODUCED  FROM 
BEST  AVAILABLE  COPY 


^9  02.  I z.  oa.7 


The  contained 

in  thiir  report  are  those  of  t&h  anther  (a)  and 
shotdd  not  be  construed  as  ah.$£ficiar  Depart- 
ment of  the  Army  position,  policy  or  decision, 
unless  so  designated  by  other  documentation. 


Destroy  this  report  when  no  longer  seeded.  Do 
not  return  to  the  originator. 


The  citation  in  this  report  of  the  names  of  com- 
mercial ffcms  or  commercially  available  pro- 
ducts or  services  does  not  constitute  official 
endorsement  or  approval  of  such  commercial 
firms,  products,  or  services  by  the  United  States 
Government. 


UNCLASSIFIED 


r 


security  classification  or  this  page  (*h««  BmfO 


MrORT  NUMB 


T DOCUMfNTATION  PAGE 


ContractorsRep^rt|ARSCD-^CR-78^09 


ermal  Analysis  of  Folded  Ammunition  e 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


BCC|PlENT*t  CATALOO  NUMBER 


_ 9,  >F  IfCTOWTTrrrWTOB^COUBBCP- 

Final 

1 Sep1tBM77  - 30  Jun  V 


i.  RLEHjrriru  uru.  mlm 


a 


Edward  V.^McAssey,  Jr 
jChristine  M ,J  Eastburn 


• ■ CONTRACT  OR  ORANT  NUMBERf*) 


Villanova  Univ. 
ARRADCOM 


DAAK  J/-77-M- 27^4  ] 


*.  PERFORMING  ORGANIZATION  NAME  ANO  AOORESS 

Villanova  University 
Dept,  of  Mech.  Engineering 
Villanova,  PA  19085 


10.  program  element,  project,  TASK 
AREA  A WORK  UNIT  NUMBERS 


tl.  CONTROLLING  OFFICE  NAME  ANO  AOORESS 

Commander 

U.S.  Army  ARRADCOM,  DRDAR-TSS 
Dover,  NJ  07801 


M0BBEW  UP  RACE 


U.  MONITORING  AGENCY  NAME  a ADORESyf/  dl/!„mnt  from  Centrolllni  Olll  c) 

iCommander 

U.S.  Army  ARRADCOM,  FC&SCWSL 
pover,  NJ  07801 


AlL- 


is.  SECURITY  CLASS,  (o I (hi,  report) 


U.n cl assi.fi  eri 


13».  DECLASSIFICATION/  DOWNGRADING 
SCHEDULE 


16.  DISTRIBUTION  STATEMENT  (ol  (hi,  R,po rl) 


[Approved  for  public  release,  distribution  unlimited. 


IT.  DISTRIBUTION  STATEMENT  fof  fha  mb,l r.cl  mnlpnd  In  Block  70,  II  dllfmrmU  from  Roporf) 

sff'\  f.hSC'Z>>  SBZiEj  ■ "J.R- 


AP-SW  m1 


U.  SUPPLEMENTARY  NOTES 


19.  KEY  WORDS  (ContiAua  on  at  dm  ii  n«cetattr  and  identity  by  block  number) 

jHeat  Transfer  Fluid  Mechanics 

Folded  Ammunition 

Interior  Ballistics 

Ignition  and  Combustion 

Single  Base  Propellant 


Hr 


ABSTRACT  (Conttnu*  an  r*wn  If  nmcoommry  mruS  identity  by  block  mambor) 

e thermal  response  of  the  folded  geometry  cartridge  has  been 
terrained. 
mperature  c: 


, — ------  6 uas  d e e n 

The  heat  input  was  determined  for  a 100  msec  cycle, 
alcul^tions  were  obtained  for  multiple  firings  of  ui 


SKCUSiTY  CLASSIFICATION  OF  TNfS  PACE  (Wton  finfared) 


I/O  <]  3 6~3 


fiRF™CED  FR0M 
BEST  AVAILABLE  COPY 


TABLE  OP  CONTiUrS 


Introduction 
Heating  Analysis 
Analytical  Models 

One-Dimensional  Model 
Two-Dimensional  Model 
Results 

One-Dimensional  Model 
Two-Dimensional  Model 
Conclusions 
References 

Appendix  A - One-Dimensional  Program  Listing 
Appendix  B - Two-Dimensional  Program  Listing 
Distribution  List 


Page  No, 
1 
3 

11 

11 

13 

35 

15 

28 

33 

34 

35 
39 
42 


t 


ACCESSION  fvr 

wTiS 

X 

r;::C 

L1 : " ' 

AO  19  A 01  ^ 


w i.. ! 


TABLES 


Page  No. 


Ckie-dimensional  model 


FIGURES 


Geometry  of  folded  ammunition 

Space  mean  pleasure  versus  time 

Heat  transfer  coefficient  versus  time  - 
based  upon  apace  mean  pressure 

Heat  transfer  coefficient  versus  time  - 
based  upon  projectile  base  pressure 

Stagnetion  temperature  versus  time 

Detailed  geometry  of  folded  cartridge  case 

Two-dimensional  model 

Surface  te6xpexatun>  versus  time,  round  1 
Surface  temperature  versus  time,  round  10 
Surface  temperature  versus  time,  round  20 
Surface  temperature  versus  time,  round  29 
Surface  temperature  versus  time,  rounds  1,10,20  5 29 
Peak  surface  temperature  versus  round  number 
Temperature  versus  distance  at  100  msec 
Temperature  versus  distance  at  1000  msec 
Temperature  versus  distance  at  2000  msec 
Temperature  versus  distance  at  2900  msec 
Temperature  versus  distance 


Peak  interface  temperature  versus  round  number 


20  Peak  temperatures  for  round  1 fQF)  29 

21  Peak  temperatures  for  round  2 (°F)  3^ 

22  Peak  temperatures  for  round  3 (°F)  31 

23  Peak  temperatures  for  round  4 (°F)  32 


INTRODUCTION 


The  objective  of  this  investigation  was  to  determine  the  tem- 
perature response  of  the  "U-shaped"  folded  cartridge.  Figure  1 
presents  a comparison  of  the  conventional  and  folded  cartridges. 

The  interpose,  or  web  region  between  the  projectile  and  propellant 
reservoir,  is  of  particular  interest.  Because  of  the  unique  geometry 
of  the  folded  cartridge,  this  region  of  the  weapon  will  experience 
heating  on  both  sides,  and  the  possibility  of  excessive  temperatures 
or  structural  distortion  exists. 

To  determine  the  Lcaperature  response  of  the  interpose 
region,  the  heat  input  during  a typical  firing  of  100  msec  had  to  be 
established.  In  addition,  analytical  models  describing  the  heat 
transfer  of  the  folded  cartridge  geometry  had  to  be  developed.  These 
models,  one  and  two-dimensional,  describe  the  transient  temperature 
distribution  using  a finite  difference  technique.  The  models  have 
been  checked  numerically  to  insure  that  nodal  size  provides  an  ac- 
curate representation.  Since  a time  period  longer  than  100  msec  is 
required  for  the  weapon's  structure  to  experience  temperature  change, 
the  analytical  model  includes  multiple  firing  bursts. 


AMMUNITION  /WEAPON  SYSTEM  COMPARISON 


! 


Figure  1*  Geometry  of  fblded  ammunition . 


HEATING  ANALYSIS 


The  heat  Input  cycle  is  100  msec  in  duration.  This  period 
includes  the  firing  of  one  cartridge,  a dwell  period,  the  extraction 
of  the  spent  cartridge,  and  the  Insertion  of  a now  cartridge.  The 
highest  heat  fluxes  occur  during  the  firing  time,  or  ballistic  por- 
tion of  the  cycle.  During  this  period  the  cartridge  case  is  heated  to 
its  maximum  temperature.  Following  this  ballistic  period,  the  energy 
deposited  in  the  cartridge  case  dissipates  into  the  weapon.  To  deter- 
mine the  heat  transfer  coefficient  and  gas  temperature  during  the 
initial  period,  the  local  gas  pressure,  temperature,  and  velocity  must 
be  determined  using  the  applicable  ballistic  model. 

The  ballistic  model  used  in  this  study  was  supplied  by  U.S. 
ARRADCOM.  This  model,  in  the  form  of  a computer  code,  is  described  in 
detail  in  reference  1.  The  code  was  developed  for  standard  shape 
ammunition.  The  code,  as  supplied,  has  been  modified  to  incorporate 
methods  for  determining  thermo chemical  properties  (ref.  2).  Figure  2 
presents  the  apace  mean  pressure  history  for  the  folded  cartridge 
calculated  with  the  computer  code. 

As  stated  above,  the  model  w/is  not  developed  for  ammunition 
of  the  present  geometry!  however,  a review  of  reference  1 indicates 
that  the  model  is  insensitive  to  shape.  The  model  ci;?s  not  provide 
for  flame  propagation  through  the  propellant  bsd.  Ncr.simultar.60U6 
ignition  is  provided  by  the  surface  ignition  function,  which  is  equal 
to  the  total  propellant  surface  area  divided  by  the  ignition  time 
range.  The  latter  quantity,  ignition  time  range,  is  determined  by 
experiment.  Since  the  test  case  for  the  folded  cartridge  compares 
favorably  with  test  firings,  it  appears  that  the  ignition  time  range 
currently  in  the  program  is  satisfactory.  The  three  major  pressures 
calculated  by  the  program  are  the  space  mean  pressure,  the  breech 
pressure,  and  the  projectile  base  pressure.  Both  the  breech  and  pro- 
jectile base  pressures  are  constant  functions  of  the  space  mean 
pressure.  All  three  pressures  are  made  equal  prior  to  movement  of  the 
projectile  (approximately  0.34  msec  for  the  present  case). 

The  tost  case  considers  the  breech  to  be  9.14  in.  from  the 
projectile.  This  corresponds  to  a straight  cartridge  9*14  In.  long 
from  the  base  of  the  projectile  to  the  end  of  the  cartridge,  A test 
case  with  the  breech  located  1,5  in.  from  the  projectile  was  run. 

This  corresponds  to  the  folded  geometry.  The  resulting  pressures, 
temperatures,  and  muzzle  velocities  were  not  affected.  It  appears, 
therefore,  that  the  only  significant  parameter  is  the  propellant 
volume.  The  gas  temperature  and  velocity  are  uniform  over  the  entire 
region  behind  the  projectile.  This  is  significant  because  it  indi- 
cates uniform  heating. 
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To  accurately  model  nonuni form  heating,  a new  holistic  model 
would  have  to  be  developed.  This  model  would  have  to  consider  a one- 
dimensional transient  flow  allowing  for  finite  flame  propagation. 

This  model  could  correctly  position  the  initiation  point  and  yield 
space  depandent  velocities,  temperatures,  and  pressures.  The  decision 
regarding  whether  such  a model  should  be  developed  will  depend  upon 
the  need  for  improved  ballistic  data  and  the  magnitude  of  the  heating 
problem.  However,  the  decision  was  made  to  use  the  existing  model  to 
establish  the  heating  conditions  in  the  folded  geometry. 

The  flow  conditions  and  temperature  levels  in  the  folded  car- 
tridge pose  a severe  heating  environment  for  the  cartridge  case  and 
surrounding  weapon.  Prediction  of  the  heat  transfer  coefficient  is 
also  difficult  because  of  the  unique  operating  conditions. 

Reference  3 provided  heat  transfer  coefficients  and  tempera- 
ture data  for  an  environment  similar  to  the  present  case.  Unfortu- 
nately, the  method  used  to  make  the  calculations  is  not  given.  The 
maximum  heat  transfer  coefficient  is  approximately  35  x 10?  Btu/ft  nr° 
F#  In  addition,  the  maximum  adiabatic  wall  temperature  is  5700  F. 

This  is  considerably  higher  than  the  value  of  4065  F obtained  with  the 
ballistic  code,  and  it  is  also  higher  than  the  adiabatic  flame  tempera- 
ture of  the  propellant. 

Reference  4 was  reviewed  as  a possible  source  of  a heat  trans- 
fer coefficient  prediction  method.  This  report  examined  a variety  of 
possible  prediction  methods,  but  all  required  more  flow  field  informa- 
tion than  presently  available.  In  addition,  the  report  was  more  in- 
volved with  the  gun  barrel,  rather  than  the  breech  area.  Some  of  the 
data  presented  indicated  heat  transfer  coefficients  In  the  range  from 
30  x lCr  Btu/ft  nr  F to  70  x 1C T Btu/ft  hr  F.  It  should  be  noted  that 
these  extreme  levels  exist  for  only  1 or  2 msec.  Reference  5 evalu- 
ated the  results  of  a method  of  characteristics  study  of  the  interior 
ballistics  problem.  The  Colburn  analogy,  which  is  given  by: 

st  ci/z 

where. 

St  = Stanton  Number  * Nu/Re  Pr 

Nu  e Nusstlt  Number 

Pr  s Prandtl  Number 

Re  « Reynolds  Number 

Cf  = Friction  factor 

wae  used.  The  resulting  heat  transfer  coefficients  vers  in  the  same 
range  as  the  previous  references. 

Reference  6 considered  the  problem  of  flow  field  developnent 
in  a solid  rocket  motor.  The  operating  conditions  and  dimensions  were 
similar  to  the  folded  cartridge  problem.  This  reference  recocmands 
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the  Dlttus  Boelter  correlation  for  local  heat  tranafor  coefficient. 
The  Dittus  Boelter  equution  ia  _ 

Mu  - o.  023  Re  R- 


The  above  equation  ia  widely  uaed  in  turbulent  heet  transfer  calcula- 
tions, and  ia  relatively  eaay  to  apply  to  the  present  case.  The 
decision  waa  therefore  nade  to  use  this  relationship. 


Assuming  the  gae  to 
with  the  temperature  to  the 
is  given  byi 


- 0.023  ( 


P v\® 

R.  ' 


be  ideal,  and  that  the  viscosity  varies 
O.65  power,  the  heat  transfer  coefficient 


(tk  s»f) 


T 


-V 


wh<*re. 


P = pressure 
V = gas  velocity 
Cp  s specific  heat 

= viscosity  at  530°  R 
L = diameter  of  chamber. 


For  the  present  case,  the  various  constants  are  given  by: 

, -Bixio'6  M'5  ( S30)4,5  (ref.  6) 

C* 

R = «s  propellant  impetus^  _ ^ 
flame  temperature  r 

= r./r 

Using  th«  thermocheaical  properties  for  the  folded  cartridge 
propellant  and  the  ballistic  data  frets  the  computer  code,  the  heat 
transfer  coefficients  can  be  determined  as  a function  of  time. 

Figure  3 presents  the  variation  of  heat  transfer  coefficient  versus 
time,  based  upon  space  mean  pressure.  Figure  4 presents  the  same 
data  based  upon  projectile  base  pressure.  For  space  mean  pressure 
conditions,  the  peak  heat  transfer  coefficient  is  approximately 
52.500  Btu/ftZhr  F.  This  method  for  calculating  heat  transfer  coef- 
ficient has  been  incorporated  into  the  ballistic  code.  In  addition, 
the  stagnation  temperature,  which  will  be  used  in  computing  the  con- 
vective heat  inputs,  has  also  been  determined  and  is  represented 
graphically  in  figure  5.  It  is  worth  noting  that  the  maximum  tempera- 
ture in  figure  5 is  below  that  given  in  reference  3*  This  aspect  of 
the  results  in  reference  3 is  difficult  to  explain.  The  peak  tem- 
peratures reported  in  that  reference  are  higher  than  the  adiabatic 
flame  temperature  of  the  propellant  used  for  the  folded  ammunition. 

The  heat  transfer  coefficients  calculated  with  the  Dittus 
Boelter  equation  are  higher  than  those  cited  in  reference  3*  but  are 
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well  within  the  range  reported  by  other  references 


The  heating  conditions  presented  in  figv'^a  3 end  5 occur 
during  the  initial  ballistic  portion  of  the  cycle,  and  last  for 
approximately  3.5  msec.  The  peak  surface  temperature  of  the  carv 
tridge  occurs  during  this  portion  of  the  cycle.  However,  the  total 
time  for  the  firing  of  a single  cartridge  is  approximately  100  msec. 
It  ia  during  this  longer  period  that  the  heat  permeates  into  the 
weapon’s  structure  and  causes  the  highest  structural  temperatures. 


The  time  history  of  a firing  cycle  is  composed  of  the  follow- 
ing four  periods: 


Time 

0 to  3*5  msec 
3* 5 to  35  msec 
35  to  65  msec 
65  to  100  msec 


Event 

Firing  of  projectile  (ballistic  portion) 
Swell  time 

Extraction  of  expended  cartridge 
Loading  of  unepent  cartridge 


For  the  preceding  firing  cycle,  the  following  heat  inputs 
have  been  developed: 


Time 

0 to  3.5  msec 


3.5  to  35  Keec 


35  to  65  msec 


65  to  100  msec 


Heat  Inputs 

Convective  boat  input  based  upon  Dituus 
Boeiter  equation  (ref.  l).  Figures  3 
and  5 present  xba  heat  transfer  coeffi- 
cient and  gas  temperature  profile. 

Exponential  decay  of  t hv  heat  transfer 
coefficient  to  3 00  Btu/ft'gr^F  and  of 
the  gas  temperature  to  ,?00°F. 

Constant  heat  transfer  coefficient  and 
gas  temperature  at  300  Bta/ft*hr°F  and 
200  5',  respectively. 


Zero  h«utir,g,  In  addition,  the 

cartridge  nodes  are  returned  to  20L;  F at 

m mm#)  ♦ V» *****  *.1  1 x*  *1  4*  * U — *.*■  *?••  » 

'V  “ww  vno'*  nAawnw  * V lf.ua  v U vtv.9 

to  the  heat  flow  from  the  structure. 


During  the  dwell  time  (3*5  tc  35  msec),  exponential  decay  of  the  gas 
pressure,  gnus  temperature,  and  gas  velocity  is  felt  to  ho  & re, is on- 
able  approxim^ticwi  following  the  pleasure  d&cay.  The  value  of 
3.00  Btu/ft  "nr  P for  the  heat  transfer  oocfficiaat  at  55  rasac  ,3m  con- 
servative, The  form  of  the  heating  boundary  oondition,  during 
Bxtrfcction  and  loading,  ic  very  difficult  to  describe.  During  future 
studies,  experimental  data  would  be  examined  to  provide  better  insight 
into  the  thermal  conditions  during  these  phases  of  the  operating  cycle, 
For  the  present  effort,  the  tie c lei  on  wjivs  made  to  u&e  a conservative 
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approach  and  combine  extraction  and  loading  into  a single  instan- 
taneous event  at  65  msec.  At  65  msec,  the  heat  transfer  coefficient 
was  set  at  zero,  and  the  nodes  representing  the  cartridge  case  were 
set  to  100°P.  This  simulates  the  chambering  of  an  unspent  cartridge. 
During  the  period  from  65  to  100  msec,  the  cartridge  case  is  cooler 
than  the  structure,  and  the  heat  flows  into  the  cartridge. 

Although  the  heat  input  profile  used  for  this  study  is  con- 
sidered to  be  conservative,  it  should  be  examined  further  to  deter- 
mine the  significance  of  the  various  assumptions  made.  This  activity 
would  be  an  interesting  area  for  further  effort. 


analytical  models 

The  detailed  geometry  of  the  folded  cartridge  case  is  given  in 
figure  6.  Since  the  heating  during  firing  is  uniform,  baaed  upon 
the  present  model,  the  problem  reduces  to  the  determination  of  two- 
dimensional  temperature  distributions.  However,  the  results  pre- 
sented in  reference  3 indicate  that  the  depth  of  penetration  of  heat 
was  small;  therefore,  the  heat  flow  was  essentially  one-dimensional. 
Initial  studies  during  this  inveetigation  verify  this  result.  The 
majority  of  the  results  presented  in  the  report  will  therefore  be 
based  upon  one-dimensional  models.  However,  in  the  web  region  near 
the  breech,  the  geometry  causes  two-dimensional  effects  to  occur. 
Two-dimensional  results  were  obtained  for  this  region. 

Cne-Dimonsionol  Model 


The  oner-dimensional  model  consists  of  a 0.04  in,  cartridge 
case  thickness,  and  0.50  in,  of  steel,  which  represents  the  weapon 
structure.  The  properties  of  the  case  material,  cartridge  brass  and 
ateel  (SAE  4340),  were  obtained  from  reference  3»  The  temperatures 
wore  determined  by  dividing  the  model  into  a number  of  isothermal 
nodes,  and  eolvirg  the  following  equation  using  a digital  computer; 


wh*r«, 


4-h  A (,"7^ 


vo,\  « 

'l  “ 

V 

V-\ 

«c 

T<»  « 


the  conductive  coupling  between  nodes 

ta&pf.r^turo  of  the  0*body  at  timet.  tot 

surface  area  c-f  nodes  exposed  to  convective  (zero  for 
all  but  Rurfae-9  node)  heat  transfer 

convective  transfer  coefficient 

gas  temperature. 
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D*t*n*d  g« 


Appendix  A presents  a Hating  of  the  computer  program.  In  this 
analysis,  both  the  heat  transfer  coefficient  and  the  gas  temperature 
are  functions  of  time,  as  described  in  the  Heating  Analysis  section 
of  this  report. 

Two  grid  systems  were  initially  used  in  the  analysis.  These 
are  presented  in  table  X.  The  first  system  contains  26  bodies,  with 
11  bodies  in  the  cartridge  case,  while  the  second  contains  31  bodies, 
with  21  in  the  cartridge  case.  The  use  of  more  bodies  in  the  car- 
tridge case  was  initially  felt  to  be  necessary  because  of  the  rapid 
temperature  changes  occurring  in  the  region.  However,  examination 
of  the  results  from  both  grid  systems  did  not  yield  any  significant 
differences  (ref.  7)«  Since  the  26  body  model  could  be  run  at  a 
larger  tireo  step,  and  therefore  require  less  computer  time,  it  was 
used  for  most  of  the  analysis. 


Table  1.  Che-dimensional  model 
lot  Grid  (26  bodies)  2nd  Grid  (31  bodies) 
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Although  cnd-ditreneioiial  modeling  io  adequate  for  moot  of  the 
folded  geometry  thermal  enalyeiu,  certain  regiono  require  two- 
dimensional  atudies.  The  web,  or  interpose  region  ne.nv  the  brvsch 
end,  will  experience  two-disionsicnal  heating.  To  analyte  this  rag  ion, 
an  isothermal  model,  nhowi  in  figure  7,  has  been  developed.  Thin 
jsodol  consists  of  6?  bodies,  with  50  bodies  in  tha  cs-.rtrd.dgfe  case. 
Initially  a sssalXu?  »<*&«!  consisting  oi  3 7 bodies,  with  25  todies  in 
cartridge  case,  was  cone ido red.  However,  nodnliatoticn  studio*  showed 
that  this)  grid  wan  toe  large,  S*oau«^  of  inn  symmetry  in  the  web, 
only  half  of  the  wob  war  ?acd*>lod.  The  rsatwigular  region  ia  0, 2}  JLn, 
by  0,56  ill,  fti’id  oontsdrin  the  web  region  up  to  the  fce«e  of  the  pro- 
jectile. 


The  computer  p.rogx&ri  us*d  to  smfluSy*ti  the  two— dj^enuio?.*.! 
problem  is  t»B  sent!  ally  th*  ssae  »js  the  on w deecrlbsd  its  the  Oiv 
Dimensional  Model  eeo tiew.  The  difference  is  that  surf t-.cn  iuid 


Figure  7*  Tvo  dimensional  model 


interior  nodes  are  identified,  and  surface  r.c’as  are  allowed  to  ex- 
perience convection.  Appendix  B contain'  ivy  Fortran  listing  of  the 
program. 


RESULTS 


Che-Dimensional 

Using  the  one-diraensional  model  described  previously,  tem- 
perature profiles  have  been  determined  for  29  cycles  or  rounds. 

During  any  cycle,,  the  surface  of  the  cartridge  exposed  to  the 
hot  gases  experiences  a rapid  temperature  rise,  with  the  peak  occur- 
ring at  approximately  2 msec.  Figures  8 through  11  present  the 
surface  temperature  history  for  rounds  1,  10,  20,  and  29*  These 
profiles  are  similar,  with  £he  peak  temperature  reaching  a maximum 
value  of  approximately  1346  F.  The  sharp  drop  in  temperature,  occur- 
ring at  65  msec,  results  from  the  extraction  of  the  spent  round  and 
the  insertion  of  an  unspent  cartridge  with  the  cartridge  case  at 
100  F.  The  unspent  cartridge  is  then  heated  by  the  warmer  weapon 
chamber.  Figure  12  presents  a composite  of  the  profile  for  rounds 
1,  10,  20,  and  29.  From  this  figure  it  can  be  seen  that  by  the  tenth 
round,  the  surface  temperature  profile  is  stabilized,  Figure  13 
presents  the  peak  surface  temperature  as  a function  of  round  number. 
It  would  appear  that  by  round  4»  the  peakosurface  temperature  has 
reached  equilibrium  at  approximately  134b" F.  However,  examination  of 
the  detailed  computer  printouts  shows  that  between  rounds  19  and  29, 
the  peak  surface  temperature  rose  C.5  F.  This  rate,  of  course,  is 
decreasing  with  each  round,  but  extrapolation  would  yield  a conser- 
vative estimate  of  the  peak  temperature  after  a one  minute  burst  of 
600  rounds.  Using  a rate  of  1 F per  20  rounds,  the  extrapolated 
peak  surface  temperature  is  1374  F. 

During  the  ballistic  portion  of  any  firing  cycle,  there  io 
very  little  penetration  of  the  thermal  wave  into  the  weapon  chamber. 
Reference  7 states  that  at  the  conclusion  of  the  ballistic  period 
(approximately  3*5  msec),  the  interface  between  the  cartridge  case 
and  steel  portion  of  the  weapon  experienced  less  than  a 1“F  rise. 

Over  the  100  msec  firing  cycle,  however,  the  thermal  wave  does  pene- 
trate into  the  steel  structure.  Figures  14  through  17  present  the 
temperature  distribution  across  ths  model  at  the  end  of  the  cyole  for 
rounds  1,  10,  20,  and  29.  After  20  rounds,  the  temperature  rise  in 
the  steel,  at  a depth  of  0.25  in.,  it  still  less  than  20° F,  Figure 
18  presents  a composite  of  figures  14  through  17.  Front  this  figure, 
the  propagation  of  the  thermal  wave  can  be  seen.  The  peak  tempera- 
ture shown  in  figure  18  is  not  the  highest  steel  temperature,  but 
rather  the  condition  existing  at  the  end  of  the  cycle  for  a particu- 
lar round.  Figure  19  presents  the  peak  interface  temperature  as  a 
function  of  round  number.  This  represents  the  maximum  steel 
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Figure  9.  Surface  temperature  versus  time*  round  10. 
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Figure  12.  Surface  temperature  versus  time> rounds  1,10, 205  29. 
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Figure  13.  Peak  surface  temperature  versus  round  number. 
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Figure  14.  Temperature  versus  distance  at  100  (.msec). 


22 


DI5TRNCC  FRIJH  SURfRCE  (1*..) 


figure  IS,  Temperature  versus  distance  e t 5.000  (ntscc). 
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Figure  16.  Temperature  versus  distance  at  2000  (msec). 
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Figure  17,  Temperature  versus  distance  at  2900  (msec). 
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Figure  18.  Temperature  versus  distance. 
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Figure  19.  Peak  interface  temperature  versus  round  number. 
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temperature.  The  peak  temperature  is  still  increasing  at  the  rate  of 
0. 3°F  per  round  at  round  29.  Extrapolation  of  this  rate  out  to  600 
rounds  is  very  dangerous.  It  vould  result  in  a peak  steel  tempera- 
ture of  approximately  700  F.  This  is  an  unrealistically  high  value. 
In  addition,  the  question  of  depth  of  penetration  must  be  considered. 
Examination  of  figure  18  shows  that  a 100°F  temperature  rise  over 
the  initial  temperature  has  penetrated  only  2596  of  the  steel  thick- 
ness. During  future  studies,  additional  cycles  would  be  run. 

The  results  of  the  one-dimensional  analysis  show  that  the 
penetration  of  the  thermal  wave  is  very  alow,  and  therefore  in  those 
regions  where  this  analysis  is  valid,  conditions  for  the  folded 
geometry  are  no  worse  than  for  conventional  asnunition.  In  addition, 
since  the  severe  heating  during  the  ballistic  phase  is  very  short, 
this  environment  will  heat  the  weapon  uniformly  and  result  in  one- 
dimensional  heat  flow.  A major  factor  affecting  the  structural  tem- 
perature is  the  timing  of  the  firing  cycle.  A shorter  dwell  time 
would  greatly  reduce  the  peak  temperatures. 

The  major  effect  of  the  folded  geometry  is  evidenced  at  the 
small  interpose  region  near  the  base  of  the  projectile.  In  this 
region  the  two-dimensional  effect  may  be  significant.  The  fallowing 
section  presents  the  two-dimensional  results  obtained  for  this  region 

Two-Dimensional 

Temperature  diatributions  have  been  obtained  for  the  model, 
and  are  described  in  the  Two-Dimensional  Model  Section.  The  region 
examined  is  the  baae  of  the  interpose  region  near  the  projectile  base 
Since  the  heating  is  uniform,  only  half  of  the  web  has  to  be  con- 
sidered. Figures  20  through  23  present  the  peak  temperature  occur- 
ring in  this  region  for  4 complete  cycles.  The  peak  surface  tempera- 
ture in  the  comer  is  slightly  higher  than  the  peak  temperature  for 
the  one-dimensional  analysis.  However,  the  temperature  difference  is 
approximately  1%,  well  within  the  accuracy  of  tho  analytical  model. 

In  figure  23,  to  the  right  of  the  model,  the  maximum  temperatures 
corresponding  to  the  some  approximate  location  in  the  steel  are  given 
For  instance,  the  maximum  interface  temperature  for  round  4,  node  24, 
in  tho  one-dimensional  analysis,  is  493°F.  _ The  highest  two-dimension 
al  interface  temperature  at  node  10  is  628UF.  Node  10  is  in  the 
comer.  However,  node  24,  located  0.41  in.  from  the  comer,  has  a 
maximum  of  521  F,  as  compared  to  493°F  in  the  one-dimensional 
interface  temperature. 

The  results  obtained  from  the  two-dimensional  calculations 
indicate  that  the  temperature  will  be  higher  near  the  base  of  the 
interpose  region.  However,  this  level,  at  least  after  4 rounds,  is 
not  prohibitive.  In  evaluating  the  temperature  profiles,  it  will  be 
tieoessary  to  assess  the  structural  effect  of  email  penetrations  of 
high  temperatures  into  the  steel.  This  would  be  a major  part  of 
future  efforts. 
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Figure  21.  Peak  temperatures  for  round  2 
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Figure  22.  Peak  temperatures  for  round  3 (Op^ 
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The  thermal  response  of  the  folded  geometry  cartridge  has 
been  determined  for  one  and  two-dimensional  models,  and  also  for 
single  and  multiple  firings.  The  results  show  that  the  surface  of 
the  cartridge  case  heats  very  rapidly  due  to  the  propellant  com- 
bustion. The  one-dimensional  model  has  been  run  for  29  rounds,  and 
the  two-dimensional  model  for  4 rounds. 

The  peak  cartridge  cases  temperature  occurs  at  the  bae*  of 
the  interpose  region,  based  upon  two-dimensional  calculation^.  At 
round  4,  this  peak  isl343°P.  For  the  one-dimensional  model,  the 
corresponding  peak  is  1331°*’*  The  two-dimensional  effect  on  peak 
cartridge  temperature  is  therefore  very  small.  Extrapolating  the 
one-dimensional  results  to  600  rounds  would  yield  a peak  of  X37Q  F. 

By  applying  the  same  difference  of  approximately  1.0%f  for  the  worst 
two-dimengional  results,  the  peak  cartridge  temperature  would  be  less 
than  1400  F after  600  rounds.  This  result  would  indicate  that  with 
respect  to  peak  cartridge  temperature,  the  folded  geometry  cartridge 
is  no  worse  than  conventional  rounds. 

With  lespect  to  the  weapon  chamber,  the  interface  temperature 
at  the  base  of  the  interpose  region  will  be  hotter,  due  to  the  folded 
geometry.  .After  4 rounds,  the  peak  interface  temperature  is  628''F 
for  the  two-dimensional  analysis,  compared  to  493°F  for  the  one- 
dimensional analysis.  Extrapolation  of  these  results,  to  conditions 
after  600  rounds,  is  not  possible  at  this  time.  However,  it  seems 
reasonable  to  conclude  that  the  base  of  the  interpose  region  will 
experience  more  severe  temperatures  than  would  exist  with  conventional 
ammunition. 

future  effort  should  concentrate  cm  additional  firings  with 
the  two-dimensional  model,  an  investigation  of  the  heating  cycle 
during  the  period  after  the  ballistic  portion  of  the  cycle,  and 
theimal  stress  calculations  of  the  effect  of  thermal  distortion  and 
elevated  tespoi-atures  upon  material  strength. 
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Project  Manager,  Advanced  Attack  Helicopter 
P.0.  Box  209 
ATTN:  DRCTW-AAH 

St.  Louis.  MO  63166 


Commander 

US  Army  Armaments  Readiness  Command 


ATTN* 


DH3AR-LE, 
DRSAR-LEH, 
J)RSAR~LED, 
DRSAFt-LEA, 
DHSA3-LSSP-L, 


Rock  Island,  IL  61299 


Mr,  Artioli 
Mr.  Craighead 
Mr.  Kotooki 
Mr,  WMte 
Technical  Library 


Headquarters 

l, nnV  GAnao >^V>  JL  m»-» ^ V»<r>  4 _ 1 


Ames  Reeearch  Center 

ATTN:  LAVDL-AS,  Mr.  W,  Andre 

Moffett  Field,  CA  94035 


Coo^ander 

Vatervllet  Are oral 
Benet  Laboratory 
ATTN:  Technical  Library 

Watervliet,  NY  12169 
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Comma  ndei' 

Army  Armaments  Research  & Deve lopment  Command 
ATTN:  DRDAR-BL-TD,  Dr.  Puckett 

Aberdeen  Proving  Ground,  MD  21005 

Commander 

Army  Armaments  Research  & Development  Command 
ATTN:  DRDAR-ACW , Mr.  A.  Flatau 

Aberdeen  Proving  Ground,  MD  21010 

Commander  (Code  3176) 

Naval  Weapons  Center 
ATTN:  Mr.  P.  Miller 

China  Lake,  CA  93555 

Commander  (Code  50211) 

Naval  Ordnance  Station 
ATTN:  Mr.  N.  H . Wood 
Louisville,  ICY  40219 

Department:  of  the  Navy  (Code  5323D) 

Naval  Air  Systems  Command 
ATTN:  Mr.  L,.  Young 
Washington,  DC  20361 

C' c mr” cr.dcr  (Code 
Naval  Surface  Weapons  Center 
ATTN:  Mr.  C,  Samuels 
Dahlgren,  VA  22448 

Commander 

Air  Force  Armament  LaboLatory 
ATTN:  ADTC-SD-20,  CPT  Weinstock 
AFATL-DLDG , Mr.  Cox 
AFATL-DLD,  Mr.  Mi rshak 
AFATL-DLDA,  Mr.  Jenus 
AFATL-DLD,  Mr.  Davis 
AFATL-DLDL,  Mr.  Heiney 
Lglin  Air  Force  Bag's,  FL  32548 

Deputy  tor  A-10 

ATTN:  ASD-YXA,  MAJ  R.  Hackford 
Wright  Patterson,  OH  45433 

Commanding  Officer,  Ft.  Dix 

Armaments  Research  & Development  Command  Test  Site 

Brindle  Lake 

ATTN:  Mr.  R.  Cooper 

Ft,  Uix,  NJ  08640 
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Commander 

Army  Armaments  Research  & Development  Command 
ATTN:  DRDAR-LC , COL  Whalen 

DRDAR-SE,  COL  H.  Chesbro 
DRDAR-SC,  LTC(P)  A.  Larkins 
DRDAR-AC , LTC  F.  Hackley 
DRDAR--SCA-CA,  Mr.  W.  Squire  (25) 

Dover,  NJ  07801 

Commander 

ARRADCOM 

ATTN:  DRDAR-TSS  (5) 

Dover,  NJ  07801 

Villanova  University 

Department  of  Mechanical  Engineering 

ATTN:  Dr.  E.  V.  McAssey,  Jr.  ( 6) 

Villanova,  PA  19085 

Director 

US  Army  TRADOC  SySLems  Analysis  Activity 
ATTN:  ATAA-SL  (Tech  Library) 

White  Sands  Missile  Range,  NM  88002 

Technical  Library 

AfTN:  DRDAR-CU-L 

Aberdeen  Proving  Ground,  MD  21005 

Technical  Library 

ATTN:  DRDAR-TSB-S 

Aberdeen  Proving  Ground,  MD  21010 

Technical  Library 
ATTN:  DRDAR-LC B-TL 
Benet  Weapons  Laboratory 
Watervliet,  NY  12189 

US  Army  Materiel  Systems  Analysis  Activity 

»rT*T»T.  nhvrjv  * 

nun,  ur\AOI-nr 

Aberdeen  Proving  Ground,  MD  21005 
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